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No complication in the present series has been serious. Extreme care is required and proper insulation of the apparatus is essential, especially when used at the time of thoracotomy. Ventricular tachycardia and fibrillation after direct-current shock in dogs appear to be related to the height of the voltage and the amount of energy used (Peleska, 1963) . Our present plan for version is to use no more than four shocks, with energy increasing from 150 to 250, 350, and 400 watt sec.
Relapse after successful direct-current shock seems most frequent if the left atrial pressure and volume remain above normal once sinus rhythm has been restored. This may occur in mitral-valve disease and in some of the cardiomyopathies. In the patients with " lone " atrial fibrillation there has been an as yet unexplained high relapse rate. Many of the patients with cardiomyopathy have been alcoholic, and failure to remove the provocative agent may contribute to their relapse. The need to repeat the procedure frequently should not arise; if the rhythm is constantly unstable, well-controlled atrial fibrillation is preferable to repeated changes of rhythm.
In conclusion, a new method of treating arrhythmias has proved better than old methods for many patients, and it should have an established place for future practice.
Summary
Fifty patients who had atrial fibrillation, atrial flutter, or atrial tachycardia, resistant to treatment with drugs, were treated with direct-current shock. In 43 of these sinus rhythm was successfully achieved. The method is described and indications and contraindications for this form of treatment are given.
Complications, which were few, are described. The results of a follow-up extending to nine months after successful treatment are given.
The use of artificial pacemakers in the treatment of StokesAdams disease has increased rapidly over the past few years, and many patients who were previously bedridden or suffered from recurrent syncopal attacks have been enabled to live relatively normal lives. The combination of electronic and clinical attention required by patients with artificial pacemakers can best be provided by the specialized centre where the pacemaker was originally inserted, but as the number of patients increases, the problems associated with this form of therapy are likely to be encountered in the future in many hospitals where the staff have little experience of the complications which may arise. This paper is intended to provide a guide for the initial investigation of a patient presenting with a history suggesting failure of pacing and is based on information obtained from a series of over 80 patients paced for periods of up to four years. It does not assume a knowledge of electronics, and the methods described involve the use of only simple apparatus.
There are at present four methods of artificial pacemaking in clinical use in the British Isles.
1. Long-term Electrode Catheter.-For this technique the patients carry a small pacemaker in a vest pocket or a neck sling, and this is attached to an electrode catheter which enters at the jugular vein and passes intravenously to the cavity of the right ventricle. The catheter may be " bipolar," with two electrodes at the tip, or " unipolar," with a single-tip electrode. In the case of a unipolar catheter the second connexion from the pacemaker is made to an indifferent electrode buried in the subcutaneous tissue, usually in the neck.
2. Myocardial Wires with an External Unit.-In this case pacing is carried out through electrodes sutured surgically on to the heart and connected to a small external pacemaker by means of wires crossing the skin. This system is now rarely used for long-term pacing.
3. Completely Implanted Units.-In this technique a small selfcontained pacemaker is surgically implanted, usually in the rectus sheath, and is connected to the heart by wires which end in electrodes sutured on to the epicardium or into the cardiac muscle itself. The pacemaker contains mercury batteries with a life of two to five years, and at the end of this time the unit must be replaced surgically.
4. Induction Pacemaking.-A small receiving coil is implanted beneath the skin and connected to the heart by two electrode wires. The patient carries a small pacemaker connected to a similar coil, which is placed on the skin over the implanted coil. Power from the pacemaker is then transmitted to the heart by induction across the intact skin (Abrams, Hudson, and Lightwood, 1960) .
We have only limited experience of the induction method of artificial pacemaking, and so this paper is confined to a discussion of the complications arising from the other three methods.
The patients in this series had been treated with a wide variety of different pacemakers, and eventually all the units used were designed by one of us (Davies, 1962 Thresholds Simple threshold measurements may be made with the aid of a variable-voltage pacemaker which is connected to the contact at the tip, and the C51 has in addition a platinum ring contact 1 cm. back from the tip. The catheter is passed from a jugular vein so that the contacts lie in the right ventricle, and in our experience the most suitable position is with the tip electrode impacted among the trabeculae near the apex (Fig. 1 ). Pacing via a bipolar catheter is often satisfactory even when the electrodes do not touch the endocardium, but it is unacceptable for the catheter to be looped or for the tip to lie in the pulmonary artery, the right atrium, the coronary sinus, or at the tricuspid valve. The electrode tip of a unipolar catheter must touch the endocardium for stable pacing. Malposition of the electrode catheter is the most likely cause of unstable pacing in this group, although a recent study (Sowton, 1964) showed that repositioning of long-term electrode catheters was necessary only once in every 18 patientmonths. When this fault occurs the E.C.G. shows normal deflections due to the pacemaker stimuli, but these are followed only occasionally by a ventricular response.
Threshold measurements vary from moment to moment, and there is no clear end-point. The diagnosis is confirmed by chest x-ray examination, and the remedy lies in repositioning the catheter under x-ray control.
A rare but puzzling variation of the fault occurs when the catheter tip is in the right atrium (Fig. 2 ) in a patient in whom A-V conduction has returned. Pacing is often stable at rest, but the E.C.G. shows a delay between the pacemaker stimulus and the resulting QRS complex; if the pacemaker is turned off the underlying sinus rhythm is revealed (Fig. 3) disappearance of the stimulus deflection from the E.C.G. The remedy is to replace the pacemaker and positive electrodes, which should preferably be made of platinum.
Incorrect Pacemaker Polarity.-If a pacemaker is connected with the positive electrode on the heart and the negative as an indifferent electrode, pacing will be satisfactory initially but may later become erratic or cease. The E.C.G. can be used to determine the pacemaker polarity, and Fig. 4 shows leads I and III when the polarity is correct-that is, with the negative electrode on the heart and the positive in the abdominal wall-and shows that the initial deflection due to the pacemaker stimulus is negative in lead I and positive in lead III. This test can be carried out only on oscilloscopic or photographically recorded E.C.G.s and should be applied to every patient who has had an internal pacemaker with unipolar connexions implanted.
Alteration in pacemaker rate may occur because of battery exhaustion or because of a component fault. If the rate increases a dangerous tachycardia may result (Sowton, 1964 ; Parsonnet et al., 1963) , and any pacemaker in an adult discharging at a rate of 115 beats/min. or over must be replaced at once.
Return of A-V Conduction
In 23% of our patients A-V conduction returned soon after the onset of artificial pacing, with the production of parasystole. This situation should be suspected clinically when the pulse is of normal rate but irregular; the diagnosis is supported by an increasing pulse rate on exercise, and is finally confirmed by an E.C.G. There is an increased death rate among paced patients with parasystole which is almost certainly due to pace- operatively; new types of unit are at present being developed to meet the problem of competition between the natural and artificial pacemakers. The analysis of E.C.G.s taken during the investigation of pacemaker failure can be carried out by reference to Table I . The importance of the deflection due to the pacemaker stimulus will be apparent, and it should be noted that the amplitude of this deflection is considerably less for bipolar stimulation than for unipolar stimulation.
Values for threshold voltage found under different conditions are given in Table II , and these were obtained with 2 msec. square-wave biphasic impulses provided by a pacemaker2 with an output impedance of about 50 ohms (Fig. 5) ; the values recording suitable E.C.G.s and x-ray films are described and the method of determining the approximate cardiac threshold with the aid of a simple adjustable pacemaker is reported. A rapid screening test of pacemaker function utilizing a portable radio is described. The interpretation of the results obtained is discussed in detail, with particular reference to some of the more common faults, including disturbance of pacing due to broken wires, battery failure, local infection, movement of electrode catheter position, and the return of A-V conduction. The Outbreak
The infection came to light on 1 June 1963, when, as a result of laboratory tests, typhoid fever was diagnosed in four patients admitted to St. Margaret's Hospital, Epping, because of P.U.O. over the preceding two weeks. All general practitioners in the town were immediately alerted and asked to treat with suspicion every unexplained pyrexia. This resulted in more cases being suspected and confirmed during the ensuing days. In all, 26 persons were affected, but three of them had no clinical symptoms. Twenty-one came from eight households with two or more cases in each, and five were single cases. Their age and sex distribution is shown in Table I .
